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Previewsbacteria have limited dietary nutrients and
must forage on host glycans (Benjdia
et al., 2011). Removal of the sulfate group
from the glycans of sulfated mucins and
glycosaminoglycans allows the bacteria
to hydrolyze the glycans for use as a
source of nutrients. As all human gut Bac-
teroidales previously analyzed contain
genes encoding sulfatases as well as an
ortholog of anSME (Benjdia et al., 2011),
it is possible that the sulfatases of other
species of this order of abundant gut
bacteria may be important for inducing
intestinal inflammation in this and possibly
other models of colitis. In addition, OMVs
of Bacteroides species have been shown
to mediate important interactions with
the host (Shen et al., 2012; Stentz et al.,
2014), including protection from disease
(Shen et al., 2012), and to mediate both
beneficial and competitive interactions
with other bacterial members of the mi-
crobiota (Chatzidaki-Livanis et al., 2014;
Rakoff-Nahoum et al., 2014). Therefore,
OMVs that mediate normal microbe-
microbe and beneficial microbe-host
processes in the healthy gut are also the
vehicles that mediate disease in this
mouse model of colitis.The major conclusion of the study is
that sulfatases of B. thetaiotaomicron
allow OMVs to cross the mucus layer
of dnKO mice and contact underlying
host immune cells, which are more
potently activated in the dnKO mouse
compared to macrophages from wild-
type mice, leading to inflammation.
This raises the important question of
whether Bacteroides sulfatases may
play a role in human colitis. As the
colonic mucins in some UC patients
have been shown to contain less sulfate
than control individuals (Corfield et al.,
1996), Bacteroides sulfatases may
further desulfate mucins in UC patients,
potentially augmenting the ability of
bacteria or bacterial OMVs to contact
immune cells and exacerbate disease.
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Circadian rhythm involves diurnal oscillations in biological processes. In this issue of Cell Host & Microbe,
Leone et al. (2015) show that the gut microbiota influences the circadian clock and undergoes circadian
oscillations. Microbiota-produced metabolites change with host diet and may affect circadian rhythm,
highlighting functional links between diet and physiology.We are increasingly aware that many
aspects of our health—metabolic, immu-
nological, and even behavioral—are influ-
enced by the trillions of microorganisms
that populate our bodies (Gareau, 2014;
Hooper et al., 2012). This suggests the
possibility that manipulation of our resi-
dent bacteria, or microbiota, could beutilized therapeutically for a range of
health conditions. Such manipulations,
potentially in the form of fecal transplant
or the ingestion of specific probiotics,
could provide non-invasive and cost-
effective treatments for conditions such
as autoimmune disease and obesity.
To maximally exploit the host-bacteriainteraction to our benefit, we need to
understand the mechanisms by which
the microbiota influence specific aspects
of host physiology. The diversity of host
physiologies affected by the microbiota
combined with the diversity of microbes
and microbial by-products create a com-
plex and challenging scientific landscape.17, May 13, 2015 ª2015 Elsevier Inc. 541
Figure 1. Proposed Model for Diet-Induced Obesity
In this issue, Leone et al. (2015) demonstrate that in wild-type mice (upper
panel), a high-fat diet affects diurnal oscillations of the gut microbiota and
host circadian clock, both of which are known to regulate metabolism. They
further confirm that, in the absence of the gut microbiota, germ-free mice
(lower panel) have altered circadian clocks and are resistant to diet-induced
obesity. Thus, they propose a model in which bi-directional interactions be-
tween the gut microbiota and the circadian clock in mice on a high-fat diet
contribute to diet-induced obesity.
Cell Host & Microbe
PreviewsIn this issue, the work of
Leone et al. (2015) identifies
a potential foothold in our un-
derstanding of this problem
by examining the influence of
the gut microbiota on host
circadian rhythm.
Circadian rhythm refers to
diurnal oscillations in biolog-
ical processes under control
of an endogenous molecular
clock. The canonical molecu-
lar clock mechanism involves
transcription factors engaged
in feedback loops and com-
plex post-translational regula-
tory mechanisms that result in
24 hr oscillations in the
expression of the clock com-
ponents themselves as well
as the expression of hundreds
of downstream gene targets
(Partch et al., 2014). In mam-
mals, a central clock is located
in the brain, which sends sig-
nals to peripheral clocks in
tissues such as the liver, re-
sulting in the coordination of
metabolism with behaviors
such as sleep and feeding. It
has previously been shown
that the molecular clock influ-
ences the composition of the
gut microbiota (Thaiss et al.,
2014). Leone et al. (2015)
now show that the gut micro-
biota can also signal to the
molecular clock, suggesting
bi-directional communicationbetween host circadian rhythm and the
gut microbiota.
Leone et al. (2015) first present evi-
dence that the gut microbiota affects
the host molecular clock. They found
that germ-free mice lacking gut micro-
biota exhibit significant differences from
conventional mice in the expression of
metabolic gene networks in the liver,
including circadian clock genes. Germ-
free mice also showed significant differ-
ences in expression of circadian clock
genes in the brain. For example, both
the levels and the oscillatory behaviors
of the clock transcripts Bmal1, Clock,
and Cry1 were suppressed in the livers
and brains of germ-free mice. Expression
of Bmal1 and Cry1 has similarly been
shown to be suppressed in the intestinal
epithelia of microbiota-depleted mice,542 Cell Host & Microbe 17, May 13, 2015 ª2mediated by pattern-recognition recep-
tors that directly detect bacterial compo-
nents such as LPS (Mukherji et al.,
2013). Here Leone et al. (2015) show that
the gut microbiota impact clock gene
expression in more distal organs.
Consistent with another recent study
(Thaiss et al., 2014), Leone et al. (2015)
also show that the composition of the gut
microbiota undergoes circadian oscilla-
tion. Several classes of gut bacteria exhibit
rhythmic oscillations; in particular, the fam-
ily Lachnospiraceae was identified in both
studies as robustly rhythmic. Because
feeding behavior is circadian regulated,
this rhythmic oscillation could be due to
rhythmic feeding behavior. In the previous
study (Thaiss et al., 2014), rhythmic feeding
imposedonmice lacking amolecular clock
was shown to rescue the circadian oscilla-015 Elsevier Inc.tions in a subset of gut micro-
biota components. Those
data suggest amodel in which
the hostmolecular clock regu-
lates the timing of feeding,
which influences the compo-
sition of the gut microbiota.
In this study, Leone et al.
(2015) perform a complemen-
tary experiment by providing
micewith a continuous source
of nutrients intravenously,
thereby removing potentially
rhythmic cues arising from
normal feeding. They show
that, even under a continuous
feeding regimen, circadian
oscillation of a subset of mi-
crobiota persisted. The host
circadian rhythm may there-
fore regulate the composition
of the gut microbiota even in
the absence of rhythmic be-
haviors such as feeding.
One major contribution of
the current study is the exam-
ination of bacterial metabolic
products to identify those
that undergo circadian oscil-
lation and might also signal
to the host molecular clock
in the liver and brain, medi-
ating this bi-directional com-
munication. Leone et al.
(2015) show that several
bacterial metabolites exhibit
rhythmic fluctuations, in-
cluding the bacterial metabo-
lite butyrate. Direct additionof butyrate to an in vitro hepatic model
caused significant effects on clock
component expression. Butyrate height-
ened the amplitude and shifted the phase
of the expression of clock components
Bmal1 and Per2, suggesting that bacterial
metabolites can potentiate oscillations of
the clock. This is consistent with the au-
thors’ finding that oscillations in circadian
gene expression are flattened in the brains
of germ-free mice. While administering
butyrate to germ-free mice in vivo had
effects on clock expression in the liver,
this treatment did not have a significant
effect on expression in the brain. The ef-
fects ofmicrobialmetabolites oncircadian
geneexpression in thebrainmay therefore
require additional signals.
Leone et al. (2015) were also interested
in exploring how the gut microbiota and
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Previewsthe circadian clock respond to changes in
diet. Consistent with previous studies,
germ-free mice are more resistant to
diet-induced obesity than mice with gut
microbiota (Ba¨ckhed et al., 2007; Rabot
et al., 2010). Also consistent with previous
work, Leone et al. (2015) found that a
high-fat diet caused altered levels of
host circadian transcripts (Eckel-Mahan
et al., 2013). Leone et al. (2015) took this
work one step further and found that a
high-fat diet caused changes in bacterial
composition and circadian oscillations,
as well as bacterially produced meta-
bolites. Taken together with their other
data and the known effects of circadian
regulation on metabolism, Leone et al.
(2015) propose that bi-directional
communication between the gut micro-
biota and the host clock might contri-
bute to diet-induced obesity (Figure 1).
Whether diet-induced obesity is indeed
facilitated by the effects of bacterial
metabolites or another ‘‘message in
a biota’’ affecting the hostmolecular clock
remains an exciting avenue for future
experiments.
The work of Leone et al. (2015), in
combination with other recent studies(Mukherji et al., 2013; Thaiss et al., 2014;
Voigt et al., 2014), has identified the
circadian clock as a potentially crucial
mediator of the influence our microbiota
exerts on our health. This will enhance
our understanding and treatment of
the health problems affecting indivi-
duals with disrupted circadian rhythm,
such as shift workers and frequent
fliers. Furthermore, ongoing research
can utilize the well-studied molecular
clock components and their targets as
starting points for uncovering specific
molecular links between the microbiota
and physiological processes, thereby aid-
ing the development of effective thera-
peutics for metabolic disorders.ACKNOWLEDGMENTS
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The infant gut is rapidly colonized by microbes shortly after birth. In this issue of Cell Host & Microbe,
Ba¨ckhed et al. (2015) shed new light on the assembly of the infant gut microbiome early in life, and how
diet and delivery mode shape this community in a western human population.After the relative sterility of the uterus,
exposure at birth and to the environment
results in a rapid colonization of the
gut by microbes. Several studies have
described this early community assembly
(Subramanian et al., 2014; Yatsunenko
et al., 2012), and now Ba¨ckhed et al.
(2015) analyze the microbiome of a largecohort of Swedish infants to show how
specific species in this community colo-
nize the host. By sampling the gut
microbiome of these infants and their
mothers through the first year of life, the
authors identify a number of features
contributing to this early assembly. Using
shotgun metagenomic sequencing, theauthors constructed MetaOTUs (Opera-
tional Taxonomic Units [OTUs]), repre-
senting functional and taxonomic informa-
tion fromwhole genomes, assembled into
over 5,500 different bacterial or archaeal
genomes. Using this wealth of informa-
tion, the authors made several key
discoveries.17, May 13, 2015 ª2015 Elsevier Inc. 543
